We screened 15 Agromyces strains from the Microbacteriaceae family and 16 Gordonia strains from the Gordoniaceae family to investigate their biocatalytic ability to reduce carbonyl compounds. Two Agromyces strains (A. soli NBRC109063 and A. humatus NBRC109085) and two Gordonia strains (G. hydrophobica NBRC16057 and G. malaquae NBRC108250) grew well in 230 medium. The stereoselective reduction of various carbonyl compounds using these four strains was investigated. We discovered that these strains can reduce aliphatic and aromatic α-keto esters and an aromatic α-keto amide.
Introduction
Biotransformation has been extensively investigated because it is useful for converting inexpensive and plentiful organic compounds into costly and valuable ones [1] [2] [3] . In particular, microbial reduction of carbonyl compounds is a convenient and environmentally-friendly method for obtaining optically pure alcohols. For example, bakers' yeast and fungi have often been used for the reduction of carbonyl compounds to obtain optically active hydroxy esters [4] [5] [6] [7] . To date, several studies concerning the reduction of keto esters and their analogs with other microorganisms such as actinomycetes have been reported.
In particular, Streptomycetaceae (Streptomyces, Kitasatospora, and Streptacidiphilus genera) [8] [9] [10] [11] [12] , Streptosporangiaceae (Nonomuraea and Streptosporangium genera) [13] , and Micromonosporaceae (Salinispora, Actinoplanes, and Dactylosporangium genera) [14] [15] families have been studied for the biocatalytic activities of their members. Furthermore, several keto ester reductases have been purified from S. thermocyaneoviolaceus, S. coelicolor A3 (2) , and S. avermitilis whole cells, and the reaction mechanism of the reduction reaction has been elucidated based on the enzymatic properties of these reductases [16] [17] [18] . However, the potential biocatalytic abilities of actinomycetes belonging to other families have not been investigated.
In this study, we investigated the stereoselective reduction of carbonyl compounds using two genera, Agromyces from the Microbacteriaceae family and Gordonia from the Gordoniaceae family, as novel biocatalysts ( Figure 1 ).
Materials and Methods

Instruments and Chemicals
Gas chromatography (GC) was performed using a GL Science GC-353 gas chromatograph (GL Science Inc., Japan) equipped with capillary columns 
Analysis
The production of alcohols ( Figure 1 , 2a-j) was measured using GC with a . The enantiomeric excess (e.e.) of the product was measured using a GC instrument equipped with an optically active CP-Chirasil-DEX CB (2a-e, 2g-h, and 2j) or a Gamma DEX 225 capillary column (2f and 2i). The e.e. was calculated using the following formula: e.e. (%) = {(R − S)/(R + S)} × 100, where R and S are the respective peak areas of the isomer in GC analyses. The absolute configurations of the α-and β-hydroxy esters (2a-h and 2j), and the α-hydroxy amide (2i) were identified by comparing their retention times as determined by the GC analyses with those of authentic sam-
Results and Discussion
Screening of Actinomycete Strains and Culture Media
To determine the most suitable medium for liquid culture, 15 Agromyces and 16 Gordonia strains were cultivated in several culture media, after which the wet weight of the cells was measured. All Agromyces strains grew poorly in 227, 253, and 802 media, even after 8 days of culture, and the resulting wet cell weights were 0.2 g or less (see Table 1 ). However, two strains, A. soli NBRC109063 and A. humatus NBRC109085, yielded more than 0.4 g of wet cells/100mL of culture in the 230 medium, even though the recommended medium for NBRC109063 The actinomycetes were grown in liquid medium (100 mL) at 25˚C for 8 days with aerobic reciprocating shaking (100/min) in baffled 500-mL flask in the dark.
and NBRC109085 strain is 802 medium. These results suggest that the peptone contained in the culture medium is more likely to be assimilated from plants than from animals in liquid cultures of Agromyces strains. As in the case of the genus Agromyces, Gordonia strains also had poor growth in various liquid media. Only two strains, G. hydrophobica NBRC16057 and G. malaquae NBRC108250, yielded more than 0.4 g of wet cells/100mL of the liquid culture in the 230 medium (see Table 2 ).
Therefore, we investigated the potential ability of two Agromyces strains (NBRC109063 and NBRC109085) and two Gordonia strains (NBRC16057 and NBRC108250) to act as biocatalysts for the asymmetric reduction of carbonyl compounds.
Reduction of Carbonyl Compounds by Agromyces Wet Cells
Two actinomycete strains (A. soli NBRC109063 and A. humatus NBRC109085) cultivated in the 230 medium were tested for their ability to reduce several carbonyl compounds (1a-j) (Figure 1) . The results of the microbial reductions are summarized in Table 3 and Table 4 . Both strains could reduce aliphatic and aromatic α-keto esters (1a-h) and an aromatic α-keto amide (1i). Among the reduction of nine substrates tested, there were compounds in which the conversion rate was over 99% (2c, 2d, and 2f); however, the reduction of most substrates showed only low values to moderate conversion rates. Moreover, the The actinomycetes were grown in liquid medium (100 mL) at 25˚C for 8 days with aerobic reciprocating shaking (100/min) in baffled 500-mL flask in the dark. of conversion rates and stereoselectivity of produced alcohols. The addition of L-glutamate also showed no significant improvement in the reduction of substrates; the reduction of only one substrate (from 1d to 2d) improved the conversion rate of both NBRC109063 and NBRC109065 wet cells to >99% and the stereoselectivity to >99% e.e. (S). As shown in Table 5 , reduction of ethyl 2-methylacetoacetate (1j), one of β-keto esters, by the wet cells of NBRC109063 strain showed high values of syn/anti ratios and enantioselectivity. However, the conversion rate from 1j to 2j was low and was not improved by the additives. Furthermore, reduction of 1j by the wet NBRC109065 cells resulted in a low syn/anti ratio and low conversion rate and did not improve with the addition of additives.
Reduction of Carbonyl Compounds by Gordonia Wet Cells
Two Gordonia strains (G. hydrophobica NBRC16057 and G. malaquae NBRC108250) cultivated in 230 medium were tested for their ability to reduce the keto esters and keto amide (Table 6 and Table 7 ). The Gordonia strains could reduce aliphatic and aromatic α-keto esters and an aromatic α-keto amide. However, as with the reduction by two Agromyces strains, the substrate was reduced only at low to moderate conversion rates, and the stereoselectivity of the products was low except for the reduction of 1h by the G. hydrophobica NBRC16057 strain. Therefore, the effects of additives on these microbial reduction reactions were also examined. In the reductions by two Gordonia strains, NBRC16057 and NBRC108250, the introduction of glycerol did not improve the conversion rate or stereoselectivity. On the other hand, the addition of L-glutamate improved the conversion rate and the stereoselectivity of the product. In particular, the reductions of 1a, 1c, 1d, and 1g by the NBRC16057 wet cells improved the conversion rates to >99%, and 1d and 1e were reduced to the As shown in Table 8 , in the reduction of β-keto ester (1j) by G. malaquae NBRC108250 wet cells, the conversion rate and syn/anti ratio of the produced β-hydroxy ester (2j) were low and were not improved by the introduction of additives. In contrast, the reduction of 1j by the wet cells of the NBRC16057 strain stereospecifically produced the corresponding alcohol syn-(2R, 3S)-2j in high conversion rate (81%). Furthermore, when L-glutamate was introduced as an additive to the reduction of 1j, the stereoselectivity (syn/anti ratio and e.e.) of the product remained high and the conversion rate was improved to 98%. More specifically, in this reaction, the substrate was reduced to only one of the four theoretically possible stereoisomers. We reported in a previous paper that reduction by the wet cells of Dactylosporangium sp. NBRC101730 strain specifically reduces 1j to the corresponding β-hydroxy ester having anti-(2S, 3S) form [15] . In other words, we succeeded in the specific preparation of syn-(2R, 3S) and anti-(2S, 3S) forms of 2j by using two strains from different actinomycete genera, G. hydrophobica NBRC16057 strain and Dactylosporangium sp. NBRC101730 strain as shown in Figure 2 .
In this study, the introduction of glycerol could not improve the conversion rate of the reduction, while the addition of L-glutamate improved the conversion rates. These results are likely due to the fact that the enzyme (keto ester reductase) involved in the reduction of the substrate depends on NADPH, and the coenzyme is excessively supplied during oxidative degradation of the added L-glutamate. In future work, we aim to purify and characterize the reductase from actinomycete whole cells and elucidate the reaction mechanism at the enzyme molecular level. 
Conclusion
We discovered reducing activities for nine keto esters and an aromatic α-keto amide in Agromyces strains from the Microbacteriaceae family and Gordonia strains from the Gordoniaceae family. We also found that the introduction of L-glutamate as an additive improved the conversion rate and stereoselectivity of the product in the reduction of some substrates. Furthermore, we have demonstrated that the G. hydrophobic NBRC16057 strain cultured in the 230 medium is an excellent and useful biocatalyst for the stereoselective reduction of ethyl 2-methylacetoacetate to the corresponding alcohol with syn-(2R, 3S) form.
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